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(57) Abstract: Means for visualizing the laser beam (10 in an aper- 
ture, for instance the nozzle opening, in a laser machining system, for 
instance in a laser cutting device, and in which system the laser beam is 
transmitted from a laser source (1) to the workpiece (3) to be processed 
and wherein a nozzle (7) is arranged coaxially with the laser beam ( 1 0 
to deliver an assisting gas. The visualizing means comprises an equip- 
ment ( 10, 12), in the form of an optical image system to make an image 
of the laser beam ( 1 ^ and/or the aperture (11). 
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Means for visualizing the laser beam in a laser machining 
system 

The present invention relates to means for visualizing the 
laser beam in an aperture, for instance the nozzle open- 
ing r in a laser machining system, for instance in a laser 
cutting device. 

Generally, the invention relates to a visualization of the 
laser beam in an aperture such as the nozzle opening in a 
laser machining system, but specifically in a laser 
cutting device in which a very accurate centering of the 
laser beam is required. Therefore, the invention will be 
described in connection with a laser cutting device, but 
15 it is not limited to such a device. It can also be used in 
other types of laser machining systems, such as in welding 
machines or the like. 
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In a laser cutting device the laser beam is focused on a 
small area (spot), normally having a diameter of 0,1-0,5 
mm, so that the high energy intensity can be used to pro- 
cess (vaporize) the workpiece material. Laser machining 
systems are frequently used for cutting, welding, surface 
processing • and marking operations in the manufacturing in- 
25 dustry- Today, laser cutting is more frequently used than 
welding. For uncomplicated products so-called x-y tables 
are used for cutting plane metal sheets or plates. For 
other products with more complicated geometries (for in- 
stance parts for the car manufacturing industry) 3D-laser 
machines are normally used. Thanks to the recent develop- 
ment of optical fibre technique such laser machining sta- 
tions are designed with flexible transmission of the laser 
beam to the workpiece by means of optical fibres. In many 
cases a machining head is attached to the arm of an artic- 
35 ulated robot for manipulating the laser beam relative to 
the workpiece. The transversal position (x- and y-direc- 
tions) as well as the vertical position, perpendicular to 
the workpiece surface (z-direction) , is controlled by the 
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robot . 

It has been a very rapid development with respect to 
Nd : Y AG lasers during the last years, and this type of la- 
ser has become more and more popular compared to C0 2 la- 
sers when it comes to 3D-laser cutting. The main reason 
for this is the fact that the Nd : Y AG laser beam can be 
transferred to 6-axes industrial robots via flexible opti- 
cal fibres. Both the Nd : YAG laser and the robot itself has 
been substantially improved during the last years which 
means increased demands also on the cutting tool, it must 
work more rapidly, it must sustain more power, it must be 
possible to reach and handle the tool even in a space with 
relatively small dimensions, the cable and hose wear must 
be minimized etc* 

In a laser cutting device there is also an assisting gas 
delivered coaxially with the laser beam through the noz- 
zle. The assisting gas could be an active gas for increas- 
ing the cutting efficiency, such as oxygen gas, or a pas- 
sive gas used for removing melted metallic material from 
the cutting surface, such as nitrogen. In order to opti- 
mize the cutting result it is important that the laser 
beam is centered with respect to the nozzle opening. 

Previously, it has been necessary to perform such an ad- 
justment of the laser beam more or less manually, whiah is 
a laborious and time consuming operation* Typically , the 
nozzle opening was taped and then a hole was burned in the 
tape by the laser beam as an indication of the laser beam 
position. Then the laser beam was adjusted and the test 
repeated. Often the space available for such a procedure 
is limited and parts of the equipment has to be dismantled 
before the realignment of the beam. Such a procedure is 
not acceptable for instance in the car manufacturing in- 
dustry. 

The object of the present invention is to provide means 
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for adjusting the laser beam in a more simple way. 

According to the invention a measuring equipment is ar- 
ranged on the beam exit side to visualize the position of 
5 the laser beam and/or the nozzle opening. 

According to a preferred embodiment the equipment is ar- 
ranged after the nozzle opening, seen in the propagation 
direction of the laser beam, to make an image of the end 
10 surface of the nozzle and the laser beam in a correspond- 
ing plane. 

In the following a preferred embodiment of the invention 
will be described more in detail with reference to the ac- 
15 companying drawings, in which 

figure 1 schematically illustrates an industrial robot 
with a laser cutting device, and 

20 figure 2 illustrates the laser cutting device with an 
equipment according to the invention. 

In figure 1 a fiber optical laser cutting system is illus- 
trated. The laser beam is directed from a laser source 1, 
25 for instance a NdsYAG laser, via an optical fiber 2 to the 
workpiece 3 in question. An industrial robot 4 is used for 
moving the laser head 5 of the system. The transversal po- 
sition (x- and y-directions ) as well as the vertical posi- 
tion, (z-direction), is controlled by the robot. 

30 

Thanks to the recent development of three-dimensional la- 
ser processing machines, welding and cutting of products 
with more complicated geometries have increased and will 
increase even more in the future. For this reason it is 
35 important that all parts in the laser processing machines 
are optimized. As already mentioned in the introductory 
portion of the specification, it is especially important 
in a laser cutting device that the laser beam is centered 
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in the nozzle opening during the entire cutting process. 

In figure 2 a laser beam 1' is focussed by means of a lens 
6 or a mirror on the workpiece to be processed. Coaxially 
5 with the laser beam there is a nozzle 7 for the assisting 
gas* According to the invention there is also a measuring 
equipment arranged, in this case on the beam exit side, 
under the cutting nozzle, for visualizing the laser beam. 
The measuring equipment comprises a dielectric mirror 8 

10 which is reflecting the main part of the laser power to an 
absorbing unit 9 which takes care of the main part of the 
power for cooling it away. Behind the dielectric mirror 8 
an optical image system 10 has been arranged which system 
provides an image of the end surface 11 of the nozzle to- 

15 wards a camera which is sensitive to Nd: YAG laser radia- 
tion and visible light, for instance a CCD camera or the 
like 12. Both the end surface 11 of the nozzle and the la- 
ser beam 1' is visualized by the camera in the correspond- 
ing plane, and a centering of the laser beam can* easily be 

20 performed. The position of the laser beam in the nozzle 
opening can be observed while the beam is adjusted. 
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To make sure that the contrast between the end surface 11 
of the nozzle and the laser beam 1" is good enough it 
25 might be necessary to introduce another damping filter 13 
for the laser beam and/or an auxiliary light source 14 to 
illuminate the nozzle opening and thereby improve the im- 
age of the end surface 11 of the nozzle. 

30 By having this type of camera in the system to make an im- 
age of the nozzle opening and the beam, it also means that 
other measurements can be performed by using image pro- 
cessing techniques. Not only the position of the laser 
beam relative to the nozzle, but also the position of the 

35 nozzle and the laser beam itself relative to the measuring 
equipment can be determined. By knowing the fixed position 
of the measuring equipment, the spatial position of the 
nozzle and the beam can also be determined. By means of 
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such positional information, the position in the xy-plane 
is known. If the measuring equipment is moved relative to 
the nozzle and the beam along the axis of the beam the fo- 
cus of the beam and the nozzle can be determined by using 
image processing techniques. In this way all positions , 
also in the z~direction r can be determined. 
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The invention is not limited to the example which has been 
described here but can be varied within the scope of the 
accompanying claims. 
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CLAIMS 

I, Means for visualizing the laser beam in an aperture, 
5 for instance the nozzle opening, in a laser machining sys- 
tem, for instance in a laser cutting device, and in which 
system the laser beam is transmitted from a laser source 
(1) to the workpiece (3) to be processed and wherein a 
nozzle (7) is arranged coaxially with the laser beam (1") 
10 to deliver an assisting gas, characterized 
by a measuring equipment (10, 12) arranged on the beam ex- 
it side to visualize the position of the laser beam (1") 
in the aperture. 

15 2. Means according to claim 1 characterized 
i n that the equipment is arranged after the nozzle (7), 
seen in the propagation direction of the laser beam, and 
comprising an optical image system (10, 12) to make an im- 
age of the aperture (11) and/or the laser beam (1') in the 

20 corresponding plane. 

3. Means according to claim 2 characterized 
i n that the optical image system comprises a camera 
which is sensitive to Nd : YAG laser radiation and visible 

25 light, for instance a CCD-camera. 

4. Means according to claim 2 characterized 
by a dielectric mirror (8) arranged in front of the image 
system (10, 12) for deviating the main part of the power 

30 of the laser beam to an absorbing unit (10). 

5. Means according to claim 2 characterized 
by a damping filter (13) for the laser beam (l*) to im- 
prove the contrast between the aperture (11) and the laser 

35 beam (1') for the image system (10, 12). 

6. Means according to claim 2 characterized 
by an auxiliary light source (14) directed towards the 
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aperture (11) in order to improve the image of the aper- 
ture (11) for the image system (10 f 12). 

7. Means according to claim 3 characterized 
i n that the image generated by the image system (10, 12) 
is processed for determining position and sharpness (fo- 
cus) for the nozzle (7> and/or the laser beam (1*>. 

8. Means according to claim 7 characterized 
i n that the image system (10 f 12) is movable in order to 
determine the position of the focus of the laser beam. 
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